Abstract-Realistic and comprehensive mathematical models of the renal concentrating mechanism lead to large Systems of nonlinear differential equations. Their complexity can be considerably reduced by combining like tubules into common structures. Then the different lengths of the combined tubules have to be modeled by the shunt flow technique. The present paper investigates the validity of this methodology.
INTRODUCTION
The main structures in the renal medulla are the loops of Henk. It is common to model a single loop in the steady state by the following five ordinary differential equations and the corresponding boundary conditions. Throughout this paper it is assumed that the concentrations in the surrounding space (intersiitium) are given.
The inflow of water, salt and urea into the descending limb is prescribed by three boundary 
Let z = b be the level where the loop of Henle turns. In the ascending limb, the water flow rate F Vf0 is assumed to be constant:
This equation and the following two boundary conditions reflect the turn of the loop:
The differential equations for the ascending limb are
The loops of Henle turn at different levels of the renal medulla. One possibility to take this fact into consideration is to choose a population of loops of different lengths and to model each of these loops separately just in the manner described above. An alternative is to combine like tubules into common structures. This approach has been suggested in [9] and has been used subsequently in several articles [2,4,10-14]. The procedure to produce the combined structure is described in the next section with the help of a simple example. This example also shows that the combined structure is not mathematically equivalent to the corresponding population of single loops. Until now, there exists no study that investigates how much the numerical results for the combined structure deviate from those for the original problem. It is the aim of this paper to close this gap. In particular, a recent model [13, 14] is investigated.
THE SHUNT FLOW TECHNIQUE
For the sake of simplicity, only water and salt are present in the example of this section. The transmural fluxes are modeled very simply, too: This means that a population of 40 loops is present. In [14] ascending vasa recta and interstitial capillary nodes play the role of the interstitial space. The results for these components (see Table 3 of [14] ) have been taken to construct functions C, t i nt via interpolation. The shape of the urea concentration in the upper inner medullary NLAL motivates the use of rational interpolation [15, 16] . In all other cases, polynomial interpolation has been used. The numerical integration was performed by a stiff integrator [17] for the descending structures and by a nonstiff integrator [18] for the ascending ones. The computed results are given in Table 2 . Please note that at the papillary tip (z = 0.6 cm) only one nephron is present. Hence, the results for both cases are identical there and are not listed in Table 2 . 
CONCLUSION
The descending part of the composite structure is equivalent to the corresponding population of single descending limbs, whereas the results for the ascending composite structure may deviate substantially from those for the original problem. In Table 1 , differences up to 36% are to be observed; however, these numbers result from a model with rather artificial parameters. For the realistic model the agreement is quite satisfactory ( Table 2 ). The deviations are less than 7.6%. Similarly, the differences in the total transmural fluxes of both salt and urea from the upper and lower inner medullary structures are less than 12.3%. This shows that the composite structure approximation influences the interstitial concentrations only moderately. However, a general guarantee that the shunt flow technique will always give results of acceptable quality is lacking.
